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A B S T R A C T 

We pr esent r esults fr om a coor dinated, multi-epoch near-infrar ed and centimetre radio survey of young stellar objects 
(YSOs) in the Coronet, aimed at probing the connection between mass accretion and ionised mass-loss. Using VL T -KMOS, 
w e det ect Br γ emission in 5 of the 26 targets, which also exhibit 3.3-cm continuum emission in VLA images, consistent with 

partially ionised jets. For seven additional sources, stringent flux upper limits were obtained. The derived accretion and 

ionized mass-loss rates for class I and class II YSOs follow a sublinear correlation 

˙ M ion ∝ 

˙ M 

0 . 3 
acc , consistent with previous 

results for class II YSOs but extended here to earlier stages. Multi-epoch observations reveal modest variability in both 

tracers but no clear temporal correlation between accretion and ejection within time-scales of a few months. The ratio 

˙ M ion / ˙ M acc shows an anticorrelation with 

˙ M acc , increasing with time from class I YSOs to class II YSOs, suggesting an 

increase in jet-launching efficiency or ionization fraction with evolution. These findings support a direct connection 

between accretion and outflow across the ∼ Myr time-scale of YSO evolution, while highlighting the complexity of their 
short-t erm int erplay. 

Key words: stars: activity – circumst ellar matt er – stars : evolution – stars : formation – stars : magnetic field. 
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 INTRODUCTION  

he mass assembly during star formation occurs through the 
ccretion of material from a circumstellar disk to the central 
bject (L. Hartmann, G. Herczeg & N. Calvet 2016 ). During the
arliest class 0 and I stages of Young Stellar Object evolution 

YSO, F. C. Adams, C. J. Lada & F. H. Shu 1987 ; P. Andre, D. Ward-
hompson & M. Barsony 1993 ), the protostars and their discs are
lso surrounded by dense envelopes, which are cleared out within 

 Myr (M. M. Dunham et al. 2014 ). The later YSO stages (class II
nd III ) are marked by the evolution of their discs, with a gradual
ecline in their gas content and accretion rates over a few Myr
P. J. Armitage, C. J. Clarke & F. Palla 2003 ; J. P. Williams & L. A.
ieza 2011 ; C. F. Manara et al. 2023 ; E. Gaidos, L. Gehrig & M.
üdel 2025 ). 
A fraction of the accret ed mat erial is eject ed in the form of jets

nd disc-winds, which are crucial for the release of specific angu-
ar momentum, as well as for disc dispersal (A. F r ank et al. 2014 ; I.
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ascucci et al. 2023 ). In standard theoretical models, the ejection
nd accretion of material are coupled through magnet ohy drody- 
amical (MHD) processes (F. Shu et al. 1994 ; R. E. Pudritz et al.
007 ). Ther efor e, a common e xpectation is that accr etion and
jection will be coupled in time. How ev er, detailed theoretical
odelling of these processes across YSO evolution is challenging 

e.g. M. M. R omanov a et al. 2018 ; Z. Zhu 2025 ). Furthermore,
SOs show evidence of time variability within time-scales much 

horter than their evolutionary time-scale in their accretion rates, 
jected jets, and circumstellar material (e.g. M. Morales-Calderón 

t al. 2011 ; W. J. Fischer et al. 2023 ; V. Lora et al. 2024 ). 
A joint characterization of accretion and ejection processes 

cross YSO evolutionary types requires multiwavelength data. 
mission of hydrogen (H i ) recombination lines such as Br γ ,
mitted in the accretion shock around the stellar surface, have 
ecome the standard to measure accretion (D. F. M. Folha & J.
. Emerson 2001 ; J. Muzerolle, N. Calvet & L. Hartmann 2001 ).
n the least embedded YSOs, jets and disc-winds are commonly 
tudied via optical lines, e.g. [O i ] (P. Hartigan, S. Edwards & L.
handour 1995 ; M. Fang et al. 2018 ; B. Nisini et al. 2018 ; A. Ban-

atti et al. 2019 ), as well as with near-infrared molecular hydrogen
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 2 emission (M. Takami et al. 2006 ; C. Contreras Peña et al.
017 ; Z. Guo et al. 2020 ). Radio continuum emission at centimetre
avelengths is known to be an effective tracer of the partially ion-

zed base of jets (L. F. Rodríguez et al. 2014 ; G. Anglada, L. F. Ro-
ríguez & C. Carrasco-González 2018 ). This tracer is particularly
aluable in the more embedded class 0/I YSOs (Ł. Tychoniec et al.
018 ). How ev er, other physical processes can contribute to the
bserved centimetre emission. Non-thermal (gyro)synchrotron
mission from an active stellar magnetosphere is expected to
ominate in class IIIs and could contaminate the emission of less
v olv ed YSOs (e.g. H. B. Liu et al. 2014 ; J. Forbrich et al. 2021 ). 

In this paper, we report the results of a coordinated monitoring
f YSOs in the R Corona Australis (R CrA) star forming region,
sing Br γ and centimetre continuum as tracers of accretion and
jection, respectively. Recent studies by A. A. Rota et al. ( 2024 ,
025 ) and A. Garufi et al. ( 2025 ) have e xplor ed the relationship
etween accretion and ejection using these tracers, but they have
ocused on class II YSOs, and their observations were not quasi-
imultaneous. The Cor onet clust er in R CrA is an e x cellent target
ecause it is nearby (152 pc; P. A. B. Galli et al. 2020 , see also S.
. Dzib et al. 2018 ) and remains embedded in its natal cloud (A.
icilia-Aguilar et al. 2011 ), hosting a large concentration of YSOs
t different evolutionary stages (B. Nisini et al. 2005a ; A. Sicilia-
guilar et al. 2008 ; P. C. Myers 2009 ; D. E. Peterson et al. 2011 ; P.
azzoletti et al. 2019 ). The Coronet has also been studied in the

adio continuum (M. Choi et al. 2008 ; O. Miettinen et al. 2008 ; H.
. Liu et al. 2014 ), including monitoring campaigns with X-ray
bservations (J. Forbrich et al. 2007 ). 

The paper is arranged as follows. Section 2 describes the ob-
ervations and data analysis, followed by the results in Section 3 .
he implications of our r esults ar e discussed in Section 4 , and
ection 5 presents our conclusions. 

 O B S E RVAT I O N S  AND  DATA  ANALYSIS  

.1 N ear-infrar ed data 

e have selected a sample of 26 YSOs within the Coronet cluster,
panning the evolutionary range from class I to class III . The
SOs w ere select ed fr om those r eport ed by D. E. Pet erson et al.
 2011 ) in their study using Spitzer . The selected YSOs were ob-
erved with the K -band Multi Object Spectrograph (KMOS; R.
harples et al. 2013 ) on the Very Large Telescope (VLT), using the
 -band set-up, which provides a wav elength cov erage betw een
.934 and 2.460 μm at a resolution of R ∼ 4200. The observa-
ions were carried out between April 27 and July 22, 2014, as
art of proposal ID 093.C-0657 (P.I. Galván-Madrid). The target-
f- opportunity (ToO) mode was used, triggered by observations
aken with the Very Large Array. The data were reduced using
he KMOS version 2.7.3 pipeline within ESOReflex (R. I. Davies
t al. 2013 ; W. Freudling et al. 2013 ). The 1D spectrum was ex-
ract ed by av eraging ov er a 10 × 10 pix el r egion of the spatial
x es centr ed on the source peak, chosen to maximize the S/N and
nsure uniform aperture losses across epochs with varying seeing
onditions. For epochs where the source was not well centred
ithin the IFU field of view, a smaller region was adopted. The

patially int egrat ed spectra from the output KMOS data cubes
 ere calibrat ed using phot ometry obtained from the 2MASS (M.
. Skrutskie et al. 2006 ) and VISIONS (S. Meingast et al. 2023 )
urveys. In a way similar to E. Fiorellino et al. ( 2021 ), this latter
r ocedur e was adopted to improve the spectro-photometry of the
riginal KMOS data. 
NRAS 546, 1–8 (2026) 
.2 Radio data 

bservations were conducted with the NRA O’ s Karl G. Jansky
ery Large Array (VLA). Partial results of the monitoring pro-
r amme, which r an from 2012 t o 2015, hav e been published in H.
. Liu et al. ( 2014 ) and R. Galván-Madrid et al. ( 2014 ). The full re-
ults will be presented in Ramírez-Arellano et al. (in preparation)
uring the months of the KMOS programme, the VLA observed

or t en epochs: sev en in the X band (3.3 cm) and three in the Ku
and (2.1 cm). In this paper, we make use of the higher quality
-band data from those epochs, as well as the image created by
oncatenating the visibilities of 32 X-band epochs from the entire
rogram. 
The VLA observations were carried out in single-

ointing mode, centered at α( J2000 ) = 19 h 01 m 48 . 0 s ,
( J2000 ) = −36 ◦ 57 ′ 59 . 00 ′′ . Data w ere calibrat ed using the
ommon Astronomy Software Applications package, version
.5.4 (CASA Team 2022 ). Standard calibration and imaging steps
 ere follow ed (see H. B. Liu et al. 2014 ). The phases of the

isibilities in each epoch were self-calibrated, and individual-
poch images were created with these. Also, deep images were
ade from the concat enat ed visibilities of all epochs. All the

mages used in this paper were produced using the tclean task
ithin CASA , utilizing Briggs weighting with robust = 0 . The

entral frequency of the images is 9.0 GHz (3.3 cm). 
The most sensitive image is the one created with the concate-

ated visibilities. The rms noise prior to the correction of the
rimary-beam response is 9 μJy beam 

−1 . The FWHM beamsize
f this image is θmaj × θmin = 1 . 85 arcsec × 0 . 78 arcsec , with a po-
ition angle (P.A.) = 4 . 2 ◦. 

.3 Flux measurements 

e inspected the flux-calibrated, spatially averaged KMOS spec-
ra of each epoch, looking for the Br γ line at 2.166 μm. We de-
 ect ed Br γ in sev en out of the 26 target ed YSOs. Among them, the
ine was found to be in emission in five YSOs and in absorption
n the remaining two (see Table 1 ). To measure the Br γ fluxes, we
tted a model that includes a Gaussian for the Br γ line and a first-
rder polynomial for the adjacent continuum. For this, we used
he LevMarLSQFitter within the astropy modeling package
Astropy Collaboration 2022 ). The line flux was measured as the
rea under the fitted Gaussian, along with the corresponding er-
 or pr opag ation. This pr ocedur e was performed for the individual
pochs and for the median-combined spectrum of each source.
f the remaining 19 targets, two (JVLA4 and Peterson4) had no
etectable continuum within the IFU field of view, one (CrA19)
ad a coordinate mismatch with the radio data, and two with
xtended radio emission (IRS7E and IRS7W) were excluded. The
 emaining 14 sour ces show no Br γ detection. These comprise
even class III , six class II , and one class I YSOs. The 1D spectra
f the seven class II and class I sources from individual epochs
 ere av eraged and combined t o produce a single spectrum. The
pper limit on their Br γ flux was then estimated following the
r ocedur e of E. Fiorellino et al. ( 2021 ), modified as follows: 

 upper = 3 × σrms ×
√ 

N chan × �v, (1) 

her e N chan corr esponds to the number of channels acr oss the
ine width, given by λline /R , with λline as the central Br γ wave-
ength, R the KMOS K-band resolution, and �v as the channel
pacing. 
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Table 1. Summary of the parameters of the Br γ detected sour ces. Sour ces with upper limits in both Br γ and 3.3 cm are 
labelled ‘Ul’. 

Source RA Dec. YSO Br γ 3.3cm Mass Radius A V 
(J2000) (J2000) Class Radio ( M �) ( R �) (mag) 

IRS1 19:01:50.705 −36:58:09.55 I Em Yes 0.40 6.00 30.0 
IRS2 19:01:41.582 −36:58:31.07 I Em Yes 1.40 2.90 20.0 
CrA43 19:01:58.564 −36:57:08.23 I Em Yes 3.54 2.32 16.5 
IRS6 19:01:50.480 −36:56:37.90 II Abs Yes 0.20 2.32 29.0 
TCrA 19:01:58.784 −36:57:49.78 II Em Yes 2.25 1.14 2.5 
CrA16 19:01:33.877 −36:57:44.71 II Em Yes 0.32 1.22 16.6 
JVLA1 19:01:34.917 −37:00:56.84 III Abs Yes 1.34 1.94 1.4 
CrA26 19:02:06.833 −36:58:41.43 II Ul Ul 0.18 2.10 1.2 
Peterson1 19:01:32.345 −36:58:02.97 II Ul Ul 0.28 1.21 14.7 
Peterson6 19:01:53.775 −37:00:33.80 II Ul Ul 0.10 0.47 0.2 
IRS10 19:02:04.109 −36:57:00.72 II Ul Ul 0.16 1.68 9.76 

Note. St ellar paramet ers are from B. Nisini et al. ( 2005b ) and R. Dong, J. R. Najita & S. Brittain ( 2018 ). For CrA43, 
P eterson1, P eterson6, IRS10, and CrA26, parameters were obtained from SED fitting using SEDFITTER (T. P. Robitaille 
et al. 2007 ). 
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Figure 1. Relationship between the Br γ and the 3.3 cm radio continuum 

fluxes for the class I and II sources. Det ect ed sources are denoted by black 
symbols and upper limits by r ed symbols. Gr ey curv es illustrat e post erior 
r egr ession lines consistent with the 68 per cent credible interval of the 
slope; the median relation is shown in red. 
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VLA data obtained nearly simultaneously 1 with the KMOS ob- 
ervations were used to investigate temporal correlations between 

he tw o. Phot ometry in the r adio images w as obtained using the
mfit task within CASA , which performs Gaussian fitting of the
our ce emission, including err or estimation. We take the fitted
eak intensity as the source flux. This ensures that the radio flux
orresponds to the same arcsecond scale as the KMOS IFU mea- 
urement. Also, time-av eraged phot ometry was obtained from 

he imfit results in the concat enat ed image and from averaging
he results in the individual epochs matching the KMOS program 

see Section 2.2 ). 

 R E S U LT S  

.1 Relationship between Br γ and 3.3 cm radio fluxes 

able 1 lists the Br γ and radio detections of the YSOs. In the
er-epoch images, the radio continuum emission from CrA16 
as not det ect ed. How ev er,in the concat enat ed radio image, this

ource has a detection at ≈ 94 ± 21 μ Jy beam 

−1 . The rest of 
he Br γ det ect ed radio sour ces ar e det ect ed both in the concat e-
ated image and in individual epochs. Among the YSOs, only 
VLA1 and IRS6 have Br γ in absorption, whereas in the rest of 
he detections, the line is in emission. IRS6 is a binary system,
nd the component designated as IRS6a is the only one with
etectable spectral features (B. Nisini et al. 2005a ). In this paper,
 efer ences to IRS6 specifically denote the IRS6a component. The
r γ absorption line profile of IRS6 is not very wide; hence, we
 efrain fr om inferring further about the observed pr ofile. JVLA1
s a class III YSO with a K1 IV subgiant spectral type (J . F orbrich &
. Preibisch 2007 ). The KMOS spectrum of JVLA1 has prominent
bsorption features in Br γ and the CO (2–0) and (3–1) bandheads.
. Sicilia-Aguilar et al. ( 2011 ) reported minimal infrar ed e x cess in

VLA1. Ther efor e, the absorption lines of JVLA1 likely originate
rom a cool photosphere. 

The time-averaged Br γ and 3.3 cm fluxes in our sample are 
hown in Fig. 1 . We have used the Br γ fluxes averaged over
 Since the VLT and VLA epochs were not observed at the exact same 
ime, we consider observations separated by up to ten days as near- 
imultaneous. 

I  

c  

2

m

ll the observation epochs and the radio flux es fr om the con-
at enat ed image at 3.3 cm. We hav e employ ed a Markov Chain
onte Carlo (MCMC) method for the Bayesian linear r egr ession

ince it is well suited for data sets containing measurements with
ncertainties in both variables. A linear fit to the data gives the

ollowing shallow, positive relation: 2 log (F 3 . 3 cm 

) = (4 . 3 ± 2 . 1) +
0 . 29 ± 0 . 12) × log (F Brγ ) . As we will see in the following, a corre-
ation between these two tracers is not expected for all YSO types.

In the standard scenario of disk ev olution, accretion rat es are
xpect ed t o decr ease significantly fr om the class I to the class
I YSO stages (L. Hartmann et al. 2016 ). Consequently, if the
entimetr e fr ee–fr ee emission fr om YSOs is caused mainly by
MNRAS 546, 1–8 (2026) 

 Thr oughout the r est of this paper, radio continuum flux es ar e in units of 
illijansky (mJy), and Br γ fluxes are in units of erg s −1 cm 

−2 . 
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artially-ionised jets (G. Anglada et al. 2018 ), and if the strength
f those jets is linked to that of accretion, a relationship between
r γ and radio continuum is expected. This has been recently

eported for class II YSOs (A. A. Rota et al. 2024 ; A. Garufi et al.
025 ), including transition disks (A. A. Rota et al. 2025 ). How ev er,
he faint centimetre continuum from class II YSOs could also
e due to disk photo - ev apor ation by EUV photons (R. Galván-
adrid et al. 2014 ; I. Pascucci et al. 2014 ; E. Macías et al. 2016 ),
hich could nevertheless be linked to accretion in a complex
ay via disc winds (I. Pascucci et al. 2023 ). In the class III stage,
here the magnetosphere of the un-embedded young star be-

omes e xposed, centimetr e radio emission can become bright
gain, highly variable, and non-thermal in nature (H. B. Liu et al.
014 ; J . F orbrich et al. 2021 ). This non-thermal radio emission
s not expected to be correlated with accretion phenomena. It is
orth mentioning that class 0/I YSOs also exhibit non-thermal

adio emission; how ev er, only a few hav e been observ ed, e.g. IRS
 in the Coronet cluster (E. D . F eigelson & T. Montmerle 1999 ; A.
. Deller, J. Forbrich & L. Loinard 2013 ; H. B. Liu et al. 2014 ).
uch emission is typically identified thr ough cir cular polariza-
ion; how ev er, it is expect ed that in the majority of younger YSOs
on-thermal emission is easily veiled by the fr ee–fr ee component
long the line of sight (P. Andre 1987 ; A. T. Deller et al. 2013 ). 

.2 Relationship between accretion and ionised mass-loss 
ates 

r γ flux es wer e converted to the corresponding mass accretion
ates ( ˙ M acc ) using the relations of J. M. Alcalá et al. ( 2017 ). Al-
hough these relations w ere calibrat ed for class II YSOs, we also
pply them to class I YSOs, assuming that the underlying accre-
ion engine in class I protostars is similar to that of more evolved
lass II syst ems, as support ed by r ecent studies (e.g . Fior ellino
t al. 2023 ; L. Testi et al. 2025 ). The stellar parameters of mass
 M ∗), radius ( R ∗), and extinction ( A V ) are summarized in Table
 . The conversion was carried out for five class I and II sources
ith Br γ detections and for three of the seven upper-limit YSOs
ith available photometry from VISIONS and Spitzer / WISE . The
r γ fluxes of the YSOs have been extinction corrected with corre-
ponding A V values using the relation given in J. M. Alcalá et al.
 2017 ) and uncertainties in the fluxes, stellar masses, and radii
er e pr opag ated into the accretion-rate estimates. Since class I
SOs have significant veiling 3 in their spectra, we have followed

he recipe described by E. Fiorellino et al. ( 2021 ) to correct for this
eiling in our three class I sources; accretion rates were computed
v er the allow ed range of v eiling values and combined t o deriv e
 eight ed mean 

˙ M acc estimates. 
The 3.3 cm radio continuum fluxes are transformed to ionized
ass-loss rates ( ˙ M ion ) for the eight class I and II YSOs with an ac-

r etion rate measur ement or upper limit (see Table 1 in the online
upplementary mat erial). Fiv e of them are VLA det ections (IRS1,
RS2, CrA43, TCrA, CrA16). For CrA26, P eterson 1, and P eterson
 we use 3 σ from the local noise in the VLA image. The class
II YSO JVLA1 has been e x cluded because the jet interpretation
s not appropriate for the radio continuum of the more ev olv ed
SOs (see Section 3.1 ). We follow equation (11) of G. Anglada
t al. ( 2018 ), assuming a conical jet geometry. Disc inclination
NRAS 546, 1–8 (2026) 

 Veiling refers to the e x cess continuum emission arising from the circum- 
tellar disc due to the accretion process (e.g. N. Calvet & E. Gullbring 
998 ). 

 

e  

4

ngles ( i ) for IRS1, IRS2, TCrA, CrA16, and CrA43 are obtained
rom P. Cazzoletti et al. ( 2019 ) and C.-H. Hsieh et al. ( 2024 ).
or sources lacking inclination information, we assume i = 60 ◦,
orresponding to the median inclination angle expected for a
andomly oriented sample. Following A. A. Rota et al. ( 2024 ), we
ssume the jet to be perpendicular to the disk plane and ther efor e
ligned with the inclination of the outer disk. The jet velocity ( v jet )
s estimated from the stellar mass M ∗ using equation (12) of G.
nglada et al. ( 2018 ). We conduct this analysis for both the epoch-

veraged data and the individual epoch detections. The errors
n the mass rates were estimated using the uncertainties 4 

ython package, pr opag ating fr om the err ors in the measur ed
uxes, disk inclination, jet angular size, jet velocity and electron

emperature. 
Fig . 2 pr esents the t emporal ev olution of ˙ M acc and 

˙ M ion for
he three YSOs with individual-epoch measurements. CrA43, al-
hough det ect ed in individual epochs, is e x cluded fr om further
nalysis because its derived 

˙ M ion is unphysically larger than 

˙ M acc 
see Section 4.3 ). The three analysed objects, IRS1, IRS2, and
 CrA, e xhibit variability of 0.12, 0.27, and 0.17 de x, r espectively,

rom their mean rates. No apparent correlation in time is seen
etween these two quantities, suggesting that a larger temporal
overage is needed (e.g. M. Takami et al. 2020 ). 

For the time-averaged values, we performed Bayesian linear re-
ression fits to the logarithm of ˙ M ion as a function of the logarithm
f ˙ M acc under two conditions: (i ) taking the Br γ flux es fr om the
ts to the averaged spectra and the 3.3 cm flux es fr om the epoch-
oncat enat ed VLA image (see Figs 1 and 2 of the online sup-
lementary material) and (ii ) from averaging the ˙ M acc and 

˙ M ion 
alues of the near-simultaneous epochs, as shown in Fig. 2 , but
aking the 3.3 cm flux of CrA16 from the concat enat ed image and
he upper limit fluxes of Peterson 1, Peterson 6, and CrA26 from
he concat enat ed centimetre image and Br γ spectra. Based on the
xpected physical connection between 

˙ M ion and 

˙ M acc , we assume
at bounded priors on the slope (0–2) and intercept ( −10 to 10).
ig. 3 shows the ˙ M acc and 

˙ M ion values and fits for these two cases.
e also conv ert ed the 3.3 cm fluxes at lower angular resolution

eported in H. B. Liu et al. ( 2014 ) into the corresponding ˙ M ion , and
v erplott ed them in Fig. 3 , using accretion rates from B. Nisini
t al. ( 2005a ). 

The obtained fits to our data are log ( ˙ M ion ) = (−7 . 1 ± 0 . 8) +
(0 . 26 ± 0 . 13) × log ( ˙ M acc ) for case i , and log ( ˙ M ion ) = (−7 . 1 ±
 . 8) + (0 . 27 ± 0 . 14) × log ( ˙ M acc ) for case ii . This analysis aimed
o assess the impact of temporal variability in our coordinated
bservations, as YSOs can display short time-scale behaviour (e.g.
ipper or burster variability) capable of significantly affecting the

nferr ed r elationships. The observed variations in 

˙ M ion and 

˙ M acc 
cross the monitoring epochs were modest of the order of ∼ 0 . 1
ex, and do not affect the resulting slope of the relation. 

 DISCUSSION  

.1 Ionized ejection with respect to accretion 

ig. 4 shows an anti-correlation between the logarithmic ratio
˙ 
 ion / ˙ M acc as a function of the logarithm of ˙ M acc . A linear fit gives

og ( ˙ M ion / ˙ M acc ) = (−7 . 6 ± 1 . 7) − (0 . 84 ± 0 . 29) × log ( ˙ M acc ) . 
Considering that ˙ M ejection / ˙ M acc probes the efficiency ξ of the

jection pr ocess compar ed to that accr eted by the pr otostar, in
 https://pypi.org/project/uncertainties/ 

https://pypi.org/project/uncertainties/
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Figure 2. Temporal evolution of individual measurements of ˙ M acc and 
˙ M ion for the two class I (IRS1, IRS2, top and middle panels) and one 

class II YSO (TCrA, bottom) with Br γ in emission and VLA detection 
in individual epochs. CrA43 was e x cluded due to its unphysically large 
ejection rate compared to its accretion rate (see Section 4.3 ). The blue and 
gr een points r efer to values ar ound the individual epochs marked in the 
plot legends, whereas the red star is the mean value. 
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ur case, the fr ee–fr ee emission is only sensitive to the ionized
omponent of the ejected material, ξion , not to the neutral atomic 
B. Nisini et al. 2018 ) or molecular (T. P. Ray et al. 2023 ) com-
onents. The ξion values in our sample are consistent with those 
eported by A. A. Rota et al. ( 2024 , 2025 ), who also used the free–
ree continuum for a sample of class II YSOs mostly located in the
aurus star formation region. Our ξion values are also consistent 
ith those of B. Nisini et al. ( 2018 ). How ev er, their ejection rat es
 ere deriv ed from the high velocity component of the [O i ] line in
 sample of 131 class II YSOs in several star forming regions. A. A.
ota et al. ( 2025 ) showed that, although full discs (FDs) typically
ccrete at higher rates than transition discs (TDs), the accretion- 
ind scaling is shallower in TDs, implying a reduced apparent 

fficiency. The four sources for which we could perform the full
nalysis are two class IIs and, for the first time, two class I YSOs.

Several reports of rings and gaps in class I discs have been
r esented (e.g . P. D. Sheehan et al. 2020 ; C.-H. Hsieh et al. 2024 ),
ut the details of mass transport in the discs of embedded YSOs
r e far fr om underst ood. In class II YSOs, studies on magnet o-
entrifugal launching models have shown that ξ is inversely pro- 
ortional to the magnetic lever arm λ−1 (G. Pelletier & R. E.
udritz 1992 ; L. Hartmann et al. 2016 ; I. Pascucci et al. 2023 ). This

mplies that lower ξ values correspond to larger λ, thus resulting 
n more compact jet launching regions. The lower ξion values 
or class I YSOs in our sample may ther efor e point to narr ower
aunching zones or different magnetic field morphologies, a sce- 
ario pointed out by B. Nisini et al. ( 2018 ). 
On the other hand, prot ost ellar jets are known t o hav e a nested

tructure, consisting of high-velocity ionized winds enclosed by 
ay ers of at omic and molecular jets with decreasing v elocity gra-
ients (e.g . B . Nisini et al. 2024 ; F. Bacciotti et al. 2025 ). Ther efor e,
nother possible interpretation of the trend shown in Fig. 4 con-
iders the chemical and ionization state of the ejected material, 
hich can be either atomic ionised, atomic neutral, or molecu- 

ar 5 . A full account of the efficiency of eject ed t o accret ed mat e-
ial should consider these three states, i.e. ξtot = ξion + ξato + ξmol 
e.g. R. Fedriani et al. 2019 ). Assuming that ξtot remains constant
cross YSO evolutionary stages, the observed decrease in ξion with 

volutionary stage suggests that jets are predominantly neutral 
atomic and molecular) in the earlier prot ost ellar phases, with the
onization fraction increasing as the YSOs ev olv e. This scenario is
upported by previous studies of Herbig-Haro objects HH 34 (B. 
isini et al. 2016 ) and HH 211 (T. P. Ray et al. 2023 ). 

.2 A ccr etion and ejection variability 

eg ar ding the short-term (days to months) time evolution shown
n Fig. 2 , there is no clear evidence of a temporal correlation
etween accretion and ionised mass-loss rates. This can be under- 
tood by considering the time-scale of the formation of lobes of 
onized gas in the jet, which we appr o ximate as ∼ 0.5 × beamsize
ivided by the jet velocity, or ∼ 10 2 d. M. S. Connelley & T. P.
r eene ( 2014 ) r eported the v ariability of near-IR tr acers of ac-

retion and winds in a sample of class I YSOs with a four year
urvey. They concluded that both types of tracers are sometimes 
ositiv ely or negativ ely correlat ed and sometimes uncorrelated, 
epending on the target. Similar results were obtained by L. E.
llerbroek et al. ( 2014 ) in the Herbig Ae/Be star HD 163 296
nd by J. Forbrich et al. ( 2015 ) in LRLL 54361. Also, the class 0
SO HOPS 383, which presented a ×35 increment in bolometric 

uminosity between 2004 and 2006 (E. J. Safron et al. 2015 ), did
ot present a corresponding increase in the centimetre flux of 

he associated radio jet (R. Galván-Madrid et al. 2015 ). All these
esults highlight the complexity of the physical relationship be- 
ween accretion and ejection in jets and winds (see e.g. M. M.
 omanov a et al. 2018 ; Z. Zhu 2025 , for detailed simulations).
MNRAS 546, 1–8 (2026) 
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M

Figur e 3. Corr elation between the logarithm of the mass accretion rate and the logarithm of the ionized mass-loss rate, including the data from IRS1, 
IRS2, CrA16, TCrA, P eterson 1, P eterson 6, and CrA 26, but e x cluding CrA43 (inset) from the fit. We present two fitting scenarios: in the left panel 
the fit is obtained utilizing the averaged Br γ spectra and epoch-concat enat ed VLA image; in the right panel, the fit is obtained from averaging the 
near-simultaneous measurements shown in Fig. 2 for the detections, and upper limits as described in the text. The light grey lines show r egr ession 
relations drawn from posterior samples restricted to the central 68 per cent credible interval of the slope; the red line indicates the posterior median. The 
ov erplott ed gray squares, marked with the suffix ‘-old’, show previous measurements obtained from H. B. Liu et al. ( 2014 ) and B. Nisini et al. ( 2005a ). 

Figur e 4. Log arithm of the r atio of the ionised mass-loss r at e t o the 
mass-accretion rate, as a function of the latter. The horizontal lines mark 
efficiency factors ξion = 0.001, 0.01, 0.1, and 1. The red and grey lines are 
defined as in Fig. 2 . 
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he observed variability in accretion and ionised mass-loss rates
n Fig. 2 is probably due to the inherent stochasticity in these
rocesses (W. J. Fischer et al. 2023 ). 

.3 Outliers and complex behaviour 

he class I YSO CrA43 was e x cluded fr om further analysis due
o its inferred 

˙ M ion being two orders of magnitude larger than
he corresponding ˙ M acc (see inset plot of Fig. 3 ). We consider
he possible explanation for this anomaly. The KMOS observa-
ions were taken during a state of quiescence. During such an
pisode of a lower accretion rate, the radio jet core could also
ecome optically thin, allowing non-thermal radio emission from
he magnetospher e, if pr esent, to r each the observer (e.g. H. B. Liu
NRAS 546, 1–8 (2026) 
t al. 2014 ). More gener ally, v ariability in both accr etion (e.g . G.
ostigan et al. 2014 ; R. A. B. Claes et al. 2022 ) and jet ejection

e.g . B . Reipurth et al. 2002 ; M. Takami et al. 2023 ) could be an
mportant source of the observed scatter and outliers in studies
ike the one presented in this paper, ev en if w e att empt ed t o
erform observations as simultaneously as possible. 

 CONCLUSIONS  

sing multi-epoch coordinated observations with KMOS- VL T
nd the VLA, w e hav e measured the Br γ line and 3.3 cm radio
ontinuum emission for 26 YSOs in the Coronet cluster. Accre-
ion and ionized jet ejection rates were derived from both tracers
or 4 YSOs with confirmed detections, while upper limits were
btained for an additional 4 YSOs. Using time-averaged mea-
urements, we find a sub-linear relation between 

˙ M acc and 

˙ M ion ,
ith a slope of ≈ 0 . 3 ± 0 . 1 in logarithmic space. This implies that

he amount of ionized jet ejection follows that of mass accretion
cr oss the pr ot ostar t o prot oplanetary disc ev olutionary time-
cales of up to a few Myr. How ev er, w e do not find a clear relation-
hip between these quantities in our time monitoring sampling
ime-scales from days to months, possibly due to the complex
nt erplay betw een magnet ospheric accretion and jet launching
rocesses. 
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